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NATIONAL ADVISCRY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

COMPARTSON OF EFFECTS OF ATLERONS AND COMBINATIORS OF
SPOTLER-SLOT-DEFLECTOR ARRANGEMENTS ON SPIN
RECOVERY OF SWEPTBACK-WING MODEL EAVING
MASS DISTRIBUTED ATONG THE FUSELAGE

By Frederick M. Healy and Walter J. Klinar
SUMMARY

An investigation has been msde in the Langley 20-foot free-spinning
tunnel to determine the effeect of lateral-control systems employing
various caombinations of spollers, slots, and deflectors as compared with
aillerons on the spin-recovery characteristics of a model of a 35° swept-
wing fighter loaded hesvily slong the fuselage.

The results of the investigation indicated that aillerons were favor-
gble for recovery when they were deflected full with the spin. A spoiler-
slot-deflector arrangement for lateral control at 7O percent of the wing
chord was effective in assisting the recovery when it was deflected
against the spin, but a similar arrangement at 50-percent chord was
ineffective. Upper-surface spolilers alone or in combinstion with a slot
offered little assistance in terminating the spins.

INTRODUCTION

Results of the model tests In the Langley 20~-foot free-spinning
tunnel have indicated that in meny cases the recovery from spins of
high-speed swept-wing airplanes having mass distributed primsrily along
the fuselage 1s dependent on the application of 2 rolling moment in the
direction of the spin (ref. 1). Conventional trailing-edge ailerons
positioned on the outboard portion of the wing have generally proved
adequsate in providing the required rolling moment a2t spinning attitudes
for the termination of the spin; however, the use of spoiler-slot-
deflector lateral controls for high-speed alrplanes has recently been
proposed. Static force tests on typlecal controls of this type are
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discussed in references 2 and 3. As the effect of spollers, slots,
and deflectors in spins had not been previously studled, an investiga-
tion was undertaken in the Langley 20-foot free-spinning tunnel to
determine the relative effectiveness in terminating spins of conven-
tional ailerons and several flap-type spoiler and deflector arrange-
ments with and without wing slots. The results of the investigation
are presented herein. The model used for the investigation had a
35° sweptback wing and was representative of current fighter designs
except that the nose was shortened to provide for relatively steedy
spins (ref. 1) and consistent recoveries so that the effect of the
ailerons and the various spoiler-deflector arrangements would be more
readily observable. The controls located st two different positions
were investigated and the resulis were compared with those of conven-
tional outboard ailerons.

SYMBOLS

b wing span, ft
c wing chord at any station along span, ft

mean aerodynamic chord, ft

ol

m mags of airplsne, slugs

wing area, sq £t

x/E ratio of distance from center of gravity rearward of
mean-gerodynamic-chord leading edge to mean aerodynamic
chord

z/E ratio of distance between center of gravity and fuselage

reference line and mean aerodynamic chord (positive
vhen center of gravity is below reference line)

Iy, Iy, Iy moments of inertia about X, ¥, and Z body axes, respec-
tively, slug-ft2
Iy - T
e S 4 Inertia yawing-moment parameter
mb2
EZ;:EEE inertis rolling-moment parsmeter
mb
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I - Iy . . . .
= ___= inertia pitching-moment parameter
mb2

p air density, slugs/cu ft

0 relative density of airplene, m/pSb

(o3 angle between fuselsge reference line and vertical axis
(epproximately equal to the true angle of attack at
plane of symmetry), deg

¢ angle between span axis and horizontal axis, deg

full-scale true rate of descent, ft/sec
Q full-scale angular velocity about spin axis, rps

APPARATUS AND METHODS

Model

The model used for the investigation was constructed principally
of balsa and the spoilers and the deflectors were made of thin sheet
aluminum. The model was considered a 1/2k-scale model of a current
swept-wing fighter airplane. A three-view drawing of the model tested
is shown in figure 1. Details of the two arbltrarily chosen spoiler
and deflector configurations A and B are shown in figures 2 and 3. As
is indicated in figures 2 and 3, the spoiler wes & flap type of upper-
surface control hinged at its leading edge, whereas the deflector was
a flap type of lower-surface control hinged at its trailing edge. The
dimensional characteristics of the assumed full-scale airplane are
presented in table I.

The model was ballested to obtain dynemic similarity to an airplane
at en altitude of 15,000 feet (p = 0.001496 slug/cu ft). A remote-
control mechanism was installed in the model to actuate the controls for
the recovery attempts. Sufficient torque wes exerted on the controls
for the recovery attempts to deflect the controls fully and rapidly.

WIND TUNNEL AND TESTING TECENIQUE

The tests were performed in the lLengley 20-foot free-spinning
tunnel, the operation of whlch is, in general, similar to that described
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in reference & for the Langley 15-foot free-spinning tunnel, except
that the model lasunching technique has been changed. The present
models are launched by hand into the vertically rising airstream with
the controls set in the desired position. The airspeed is adjusted
until the upward force of the air balences the weight of the model and,
after a number of turns in the established spin, recovery is attempted
by movement of the controls. After recovery or after the test is
completed, the model dives or is lowered into a safety net. The model
is retrieved, the controls reset to the desired positions, and the next
spin is made. A photograph of the model in a spin is shown in figure k.

The spin data presented were converted to corresponding full-scale
values by the methods described in reference 4. As previously indicated,
the spin of the ummodified model was in many cases violently oscillatory
so that inconsistent recoveries that would obscure the effect of the
controls were obitained; and therefore, the model was altered to cbtain
a less oscillatory spin and falrly consistent recoveries. The turns for
recovery were measured from the time the controls were moved to the time
the spin rotation ceased. For the spins which had a rate of descent in
excess of that which cen be attained readily in the tunnel, the rate of
descent was recorded as greater than the tunnel airspeed at the time the
model hit the safety net, for example, >326 fps. For these tests, the
recovery was attempted before the model reached i1ts finel attitude and
while the model was still descending in the tumnel. Such results are
conservative; that is, the recoveries will not be as fast as those
obtained when the model is in the final steeper attitude. For recovery
attempts in which the model struck the safety net whlle it was still in
a spin, the recovery was recorded as greater than the number of turns
from the time the controls were moved to the time the model struck the
net, for example, >35. A >5-turn recovery, however, does not necessarily
indicate an improvement over a >T7T-turn recovery. For recovery attempts
in which the model did not recover after 10 turns, the recovery was
recorded as . When the model recovered without the control movement
with the rudder set with the spin, the result was recorded as "no spin."
In some casges steady-spin dstas were omitted on the charts because the
spins were elther too oscillatory or had too high a rate of descent to
permit obtaining the data.

The spin-tumnel tests reported herein were made tc determine the
spin and recovery characteristics of the model at the normal spinning
control configuration (elevator full up, lateral controls neutral, and
rudder full with the spin) and with the lateral controls deflected full
with and full against the spin. For the present tests, recovery was
generally attempted by rudder neutralization. (Normally, recoveries
are attempted by full rudder reversal, but in this instance, rudder
neutralization was utilized in order to accentuate the effect of lateral-
control positioning on recoveries.) A few recovery attempts were also



NACA RM ISLT14 <4 5

made by simultaneous rudder neutralization and movement of the spoiler-
slot-deflector conirols to full against the spin. Recoveries were

considered satisfactory if the recovery occurred within 2% turns or less

after the control was moved. This number has been established on the
basis of a correlation of available full-scale airplane spin-recovery
dats and the correspording model test resulis.

PRECTISION

The accuracy of measurement of the model spin data is believed to
be within the following limits:

Qs BZ « ¢ ¢ 4 o o 4 o o 4 s 4 s s 4 e 8 a4 s s e s 4 s s e e oe .. EL
By AEE « ¢ « 4 ¢ 4 e 4 e s e e e e e e e e ne e e e e e .. EL
V, PEreent « ¢ v « o 4 o o« o o s & o « « s a2 s o s 4 = 2 a o« a .« E5
R, DPETCENL « & v = & 4 o o o 4 o s s & s s 4 s s s s e e = » . « s T2

Turns for recovery: 1
Obtained from FIIM « ¢ ¢« & 4 4 & o « = 2 & o « o o o s = s s = «» +=

Obtained by visual observation . . . . « ¢ & & ¢ ¢ 4 ¢ @ s o . . L

In the case of spins in which it was difficult to control the model
in the tunnel because of the high rate of descent or because of the
wandering or oscillatory nature of the spin, the values presented do not
necessarily represent the full range of variztions beceuse of the limi-

tions of the methods of measurement.

Comparison of the models and the full-scale results (ref. 5) indi-
cates that the model tests satisfactorily predicted full-scale recovery
characteristics approximately 90 percent of the time. For the remaining
10 percent, about half the model results were optimistic and half were
pessimistic; these resulis, however, were of velue in predicting some
of the details of the full-scale spins and recoveries. When the model
spin was at an angle of attack less than 45°, the airplane spin was
generally at & larger angle of attack; whereas, when the model spin was
at an angle of attack greater than 459, the airplane spin was generally
at a smaller angle of attack than that indicated by the model - that is,
the airplane tended to gpin at an angle of attack closer to 45° than did
the corresponding model. The model generslly spun with a lower altitude
loss per revolutlion than that of the corresponding airplene. The higher
rate of descent of the airplsne or the model, however, was generally
associated with the smaller angle of atteck; that is, when an alrplane
spun at a smaller angle of attack, it generally had a higher rate of
descent than the corresponding model, snd when the model spun at a
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smaller angle of attack, the model had the higher rate of descent. The
model generally spun with more outward sideslip than did the corre-
sponding airplane.

Because it is impractical to ballast the model exactly and because
of inadvertent damage to the model during the tests, the measured weilght
and mass distribution of the model varied from the scaled-down values of
table II within the following limits:

Welght, percent . . ¢ ¢« ¢ ¢« ¢ 4 0 ¢ @ ¢ 6 v o 0 o o & o o o » o & 0
Center-of-gravity location, percent 1 forward to 1 rearward
Moments of inertia:

ol
.

Iy, percent . . . . + + « ¢ ¢« ¢ o &« & ¢« ¢« « + « . . 1 dow to 1l high
Iy, percent . . . ¢ 4 s 4 4 4 e e e 4 e s s e e s+ 1low to I high
Ig, percent . . . . o . . 4 0 0t h e e e e e e s e e e o

The accuracy of measuring the welght and mass distribution of the
model 1s believed to be within the following 1imits:

Welght, percent . . + « ¢« v 4 ¢« ¢ « o & o o « o« s a « o« o a « « « T1
Center of gravity, percent € . . o o + o « « s o o « « ¢« o« s « « FL1
Moments of inertia, percent . « . « « v « ¢ 4 ¢ ¢ ¢ 4« 4 a2 o 5

The controls were set with an accuracy of *t1°.
TEST CONDITIONS

Tests were made by comparing the effects of spoiler-slot-deflector
lateral controls and ailerons. Two lateral-control configurstions
(A and B) employing spoilers and deflectors were investigated (figs. 2
‘end 3). The tests included the spoiler alone with and without a wing
slot, the deflector alone with and without a wing slot, and a spoiler-
slot-deflector combination. Configuration B was also investigated with
& spoiler-slot-deflector combtination with the chord of the spoiler and
deflector equal to that of configuration A. Mass characteristics and
mass parameters for the loading condition tested are presented in
table II.

The control settings (measured perpendicular to the hinge lines)
used for the investigation were:
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Rudder, deg . -« « = « ¢« « « = o« « o« » « « = « « » 30 right or neutral

Elevator, deg - « ¢« « « ¢« = &« « ¢ ¢ o & o« . . . « « = « « 30 up
Allerons, deg . « = ¢ « « ¢ 4 . 2 e e e o4 . 20 up, 20 down, or neutral
Spollers, deg .« « « « « o« « o« o o & = & e« « « = =« « 55 up or neutral

Deflectors, deg « - « « & &« « ¢« o o « » 55 down, 27. 5 down, or neutral

RESULTS AND DISCUSSION

The results of the investigation are presented in charts 1 and 2.
The model data are presented in terms of the full-scale airplane values
end are arbifrarily presented in terms of right-hand spins. Only
elevator-up spins were investigated.

Effect of ailerons.- In order to provide a basis for the evaluation
of the resulits with combinations of spoilers, slots, and deflectors, a
series of spins were conducted in which allerons were used as the lateral-
control device. As has been stated previously, the rudder was neutral-
ized for the recovery attempts rather than being reversed fully in order
to accentuate the effect of the lateral controls. The data presented at
the top of charts 1 end 2 indicate that setting the allerons full with
the spin was favorsble and resulted in rapid recoveries by rudder move-
ment to neutral, wherees wlth ailerons set to neutral or against the
splin either the model was very slow in recovering or did not recover.
This aileron effect is consistent with the Information presented in
reference 1 for airplane types represented by the models which have
the mass largely distributed within the fuselage.

Spoiler-glot-deflector configurations A.- The results of tests with
the spoiler-slot-deflector configurstions A are presented in chart 1.
This configuration gave good recoveries, comparable with those obtained
with the ailerons. The control deflection required was such that it
gave rolling moment against the spin (stick left in a right spin) in
contrast to the aileron recoveries which required ailerons with the
spin (stick right in & right spin). Various combinations of component
positions were tried to determine their relative effectiveness. It was
Tound that decreasing the proJection of the under-surface deflector
reduced the recovery effectiveness although good recoveries were
generally obtained with the deflector projection cut to one-half the
spoiler projection. No combination was effective unless 1t included
deflection of the under-surface deflector. On the other hand, extension
of the under-surface deflector by itself without the slot or the upper-
surface spoiler gave good recoveries. Tt is therefore evident that
substantially the entire effectiveness stemmed from the projection of
the under-surface deflector.
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As is indicated in chart 1, the effect of the deflectors is
opposite to that produced by the ailerons in that stick right in a
right spin was favorable when ailerons were used as the lateral controls
(ailerons with the spin) whereas stick left in & right spin was favorable
when deflectors were used for lasteral control. It appears that the
primary contribution of ailerons deflected with the spin is a rolling
moment in the direction of the spin; this rolling moment, in turn, causes
a decrease in the pro-spin, inertis yawing moment for an airplane having
a large percentage of mass distributed within the fuselage (refs. 1 and 6).
In addition to the rolling moment, the unpublished results of tests have
indicated that the aillerons deflected with the spin alsc produce an aero-
dynamic antispin yawing moment which aids recovery. Unpublished spin-
balance test results indicate that the effectiveness of tHe deflector in
terminating the high-angle-of-attack spins attained by the present model
1s attributable to the antispin yawing moment produced when the deflector
is projected on the outboard wing (left wing in a right spin).

Spoller-slot~deflector configurations B.- In order to simulate more
closely the spoilers and deflectors used In the investigation reported
in reference 2 for which force data were available, spoiler-slot-deflector
configurations B were investigated on the model and the results of these
tests are presented in chart 2. The same general trends were exhibited as
for configurations A, but the effectiveness of the complete configuration
was adversely affected by its more forward location and the recoveries
were not satisfactory. The addition of the spoller to the deflector-slot
combinations of configurations B had an adverse effect on the recoveries
as is shown on chart 2.

Brief tests were made with the spoller and deflector surfaces of
configuratcion B modified by increasing the chord to a constant dimension
equal to that of configuration A. The dimensional characteristies of the
slot were unchanged and the same angular deflection was used. This
arrangement did not improve the effectiveness of the spoiler-slot-
deflector combination.

Unpublished force-test results have indicated that spoiler-slot-
deflector configuration A was more effective than configuration B because
of chordwise positioning: the unpublished results indicate that a con-
figuration similar to configuration A provided large antispin yawing
moments when the spoiler and the deflector were projJected on the outboard
wing (left wing in a right spin) , whereas the yawing moments produced by
a configuration similar to configuration B were small, particularly for
angles of attack corresponding to the spinning attitude of the present
model.
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CONCLUDING REMARKS

For the contemporary swepti-wing fighter investigated, the ailerons
used as lateral controls were effective in assisting recovery from the
spin when deflected with the spin (stick right in 2 right spin). A
spoiler-slot-deflector lateral-control arrangement, located about
70 percent of the chord back of the wing leading edge, was effective
when the combination was deflected against the spin (stick left in a
right spin), but a similar arrangement located sbout 50 percent of the
chord back of the wing leading edge was ineffective. Apparently, the
effectiveness of any proposed spoiler-slot-deflector configuration will
have to be evaluated for each configuration. The under-surface deflector
was apparently the effective component of the spoiler-slot-deflector
combination. Upper-surface spoilers alone or in combination with a slot
offered little assistance in terminating spins.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautiles,
langley Field, Va., August 30, 195L.
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TABLE T

DIMENSIONAT: CHARACTERISTICS OF SWEPT-WING FIGHTER

ATRPLANE REPRESENTED BY él-]: - SCALE MODEL

Iength, overall, £t . . . & ¢« ¢ ¢ ¢« o o« s o« ¢ = o« s s o a o « » 37.1k

Wing:

SPaN, £t ¢ o 2« ¢ ¢ o o 2 o 5 o o s e s = a4 4 e o e+ e« s e « 3450
Arega, 5@ L o o & o ¢ ¢ o e ¢ o o « o s o a o o s @ o 8 o o a 300
Incidence, g . « « o o o « o o e =« 5 o « o o o o o =« =« « o » o
Dihedral, deg . « « ¢ ¢ o o« o o &« o o a = o o o o s a o =« = = 0
Aspect Tatio ¢ v v« ¢ ¢ 4 e 6 et s 4 e e 6 st s e e e e L
Taper ratlio o ¢ ¢ ¢ ¢ ¢ o« o a o =« & o o o a « o s s o a a o « 0.5
Teading edge €, rearward from leading edge of wing at

the 0Oty £t « = o o« ¢ « = = ¢ o o o « o« « s o s « o « « « o 6.0L
E,-"t89h
Sweepback at 25-percent chord, deg . « « « « « « o« o « & . 35
AMrfoll section . ¢ ¢ ¢ ¢« « e ¢ ¢ ¢ o s s ¢ a o o & o NACA 644010

Ailerons:
Span, ft each (parallel to Y-axis) . « -« = « « « =« = o « « =« « 3.66

Horizontal tail:
SPan, Tt v & 4 o ¢ 4 4 o o 4 s e 4 4 4 & s e s e e e s e s . . 1l0.84
Total area, sq ft+ . . . 5 I Ay 4
Sweepback at 25-percent chord, deg e s o s s s o @ o o o o a & 35



TABLE II

MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR

ATRPLANE REPRESENTED BY .é}l:_ SCATE MODEL

[Model values converted to corresponding full-scale values; moments
of inertia glven about the center of gravity

Center-of-gravity|Relative density,| Moments of inertia, Mass parameters

location 1! slug-ft2

Welght,
b
" - Ses, | 15,000
x/[t z/8 level 5:{,1., Iy Iy I, . Iy .5 A ¢
b2 ) b2

20,872 | 0.225 | -0.009 | 26.32 | L1.84 |1k,712{31,133|43,765{-213 X 10‘1+ 216k x 1074377 x 107

. a oy

RTIRGT W VOVN
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CHART 1.- CCMPARISCN CF SPIN AND RECOVEZRY CHARACTERISIICS CF TEE MODEL WITH
ATLERCKS AXD WITH SPOILER-SLOT-IEFLECTCHR CCNFIZTRATIONS A INSTALLED
[:.‘llt conditions aa follews: Right erect spins; elevatcr full up; recovery attewpied by rapld rudder rceutralization unless

othorwise Indicated (recgvory attexpted from and steady spin 2ata presented feor rudéer-full-withr spin); lateral ccntrol
arrargenent &5 incleated]

Zateral-conrol L] a b
arrangezer: % 1;1; zg g
Trailing~edge 223 0.357 !A;:i;h;:?::gl! 23 10.22 ut:‘l;i‘ :;‘::_:;I‘Ol: 224
allerona a7 TStick left) 2 {Stick righs) >*
>Ts o= g, 5. 6 3. 1, 13

23 100
e ~ls ; . ; et ving
poiler prcjected con left wir 1 Spollier projected cn rigkt wi
257 .31 d

Spoiles aa 27
urzalotted wing

P
»bg* »5
a B .
5 &Y
f E 9D
E‘éﬁ Spoiller projected ex Zoft wipz —Spoller zrolfected o right win, 2647 0.39
Spcller-slot - 283‘
coobinaticn
3, & >5, >7
b R a
60 11U
72| &
—@— Deflector zrojected 5
b326 eflector ctrolect on _sight win \ Eé; 0,364
Deflecter on

urslotted wing :,:,, E’ 1& 5»?&. >8

—_
a
2]6_ |:
i 9D
Deflector projected N
Deflector projected cn left w:@ on right wi 253 0.%3
onright wing P
Daflecter-slot
ccmbiratlon
O SPIN >k, »8, e
) '
Al & i
Dei'lecét.:r lng. ;501}0: T - Coflecter and spoilex 3 e
s rrojected on left wing 31| projected on right wing [ 2€3[4
Spoller-sliot-dellector >32 266/0.34 283 0.32
Be combination
Tlactes projection
equal tc apciler projeztion E- 1 >6, ==
o
L8] Ly
=y GIE
Deflsctor and speiler Defliectcr and spoller
Spoiler-slot-deflector 276 e Projected on left wing E" Frojected oa right wir, g?g 0.25
conm sion : ?
la.;i?i.-: spoiler pz-c‘jectl.on
eflactor progjection 1 1 1)
equsl to cne-Salf spoiler i” E" £ >3%, >S5
projestica —_I
® 1 (d.a ); ( }
a0ac’ =8 of valu . odel vaives a5 degi
0scillatory :p{.n, range of valuea glven eonyerted to & -1
bo-spin condition &lso observed. corrasponding v ;)
©Vigeal estizate. fall-scale valaes. {rps} {rpal}
dBecove:—_r attempted by rucdier neutralizarion and simultareous U  Snrer wing up
deflection of spoiier and deflector tu full-ageirst apin. D inzer wing dowm T;.rn! for
acovery
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s
CuniT 2.~ CGUPARTSOK ¢ SPIN AND RLOOC/ERY CHARACTSRISTICS O THE 4OCEL ¥iT
ATLCRCNS ANL #ITH SPOILER-SLOT-IETLECTOR CONPIGURATIONS B INSTALLED -
Te3t ceniftlons ax feilowa: Right epact sping; elovatcr full up; recovery abtie wrted by rapld rudder neutrelizaticn e
{racovery attaTptecz from and steady-spin dots gresented for ruider-Tull-with spinj; lateral comirsl arrangezent es
Indicatedl .
Lateral-co:
arrangesens a a b
1 1
[SRT T ezl 70 i
79 snl tal 2 | [ .
; 22 teral sontrols ) seral controla I =
Irailing-edge 30.57 fuzl sgaing 24% p,22 el wits z2
ailerons 257 | \Stick left) 273 ¢ TStick rig=t, L _i
57, oo L3 A HE SRS 1
e fuEs 5.6[; | 2 Y i
1 —— 1
2 "
sl 10U * "
p p o 10U
. 6X| ho 22 12p
roiler on
unalctsod wing
—— T - =
Spollen-alot
ccmalnasion
.
—
-
! ] 58
- — e ——— 1 Def’ et?r srojecsed — A
/ Apze lear 0102 EOR grojected cn lefs wing— on riget wing 257 0. 1'
. 383] - 330 | 9-3
!Joshctox- or h ! .
unslotsed wing I >g, oo
N a
5[4 A
. Dy
—_—_ j}— i Deflsctor projected £
237 0l JZJaflecscr projected cn left wing— on right wing 243
/ 335 o3 L 270 0.33)
Defloctor-als
combinaticn . R
i 250 3 >7T. >7
. 561 &g
- - = 7} 9o
Deflector snd spoller Deflecter and spoliler
Spoatier-slot-deflacter | 237 3,39 Jestsd on I relect n ki win
coxziraticn
1
'>8, >E,2.
a,8
—= - s8] 100
; 72) % 3 N
Seflector and spoi".?r
Spoiler-glos-delleeter g Frojestod on loft wing
T cenbirasion 260 .38 ]
Chord of spoiler a~d deflector .
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Figure 1.- Three-view drawing of assumed l/2h—scale model used in
investigation.
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Figure 2.- Spoller-slot-deflector configurations A investigated on model.
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Figure 3.~ Spoiler-slot-deflector configurations B investigated on model.
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Figure 4.- The model spinning in the Langley 20-foot free-spinning tunnel.
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